General Experimental Details: All manipulations were performed under an atmosphere of dry, oxygen-free argon, using either standard Schlenk techniques or an argon-filled glove box. Toluene and THF, and their deuterated analogues for NMR spectroscopy, were dried by refluxing over potassium and collected by distillation. All solvents were stored over activated 4 Å molecular sieves or a potassium mirror and freezethaw degassed prior to use. Literature procedures were used for the synthesis of [Fe{N(SiMe 3 ) 2 4 IPr, 4 and MesPH 2 . 5 Phenylphosphine was purchased as a 10% w/w solution in hexanes and used without further purification. Elemental analyses were carried out at London Metropolitan University, U.K. Infrared spectra were recorded as Nujol mulls in KBr discs on a Shimadzu IRAffinity-1S FT-IR spectrophotometer. Electronic absorption spectra were measured as toluene solutions (5.8  10 -4 to 2.0  10 -5 M) using a PerkinElmer Lambda-1050 spectrometer in the range 300-2000 nm. Xray diffraction data were collected on an Oxford Instruments XCalibur2 diffractometer or an Agilent SuperNova, using MoK radiation, or a Bruker APEX-II diffractometer, using CuKα radiation. NMR spectra were acquired on Bruker Avance-III 400 MHz or 500 MHz spectrometers. Mössbauer spectra were recorded in zero magnetic field at 80 K on an ES-Technology MS-105 Mössbauer spectrometer with a 900 MBq 57 Co source in a rhodium matrix at ambient temperature. Spectra were referenced against 25 μm iron foil at 298 K and spectrum parameters were obtained by fitting with Lorentzian curves. Samples were ground with boron nitride under a nitrogen atmosphere before mounting in the sample holder. Figure S13 . IR spectrum of 2-Fetoluene. Synthesis of IMesPMes (6) Figure S26 .
1 H NMR spectrum of IPr·PMes (4) Preparative-scale catalytic synthesis of IMesPMes (3) using 10 mol % [Fe(N'') 2 ]. A solution of IMes (0.15 g, 0.5 mmol) in toluene (5 ml) was added to a solution of [Fe{N(SiMe 3 ) 2 } 2 ] 2 (0.019 g, 0.025 mmol) in toluene (5 ml) at room temperature and the mixture was stirred for 30 minutes. A solution of MesPH 2 (76 µL, 0.50 mmol) in toluene (5 ml) was added to the reaction mixture, which was stirred at 80°C for seven days. After cooling the reaction mixture, solution was filtered, concentrated to a volume of about 2-3 ml and stored at -28°C for two days. IMesPMes was isolated as a pale yellow crystalline material (0.16 g, 71%) which was isolated by filtration, washed with cold toluene, dried in vacuo. The 1 H NMR spectrum of the reaction mixture for the catalytic synthesis of IPrPMes (4) 
After cooling, the reaction mixture was filtered, reduced to a volume to about 6 ml, and stored at -28°C overnight, which produced 2-Fetoluene (0.02 g, 0.02 mmol). The crystals of 2-Fetoluene were separated by filtration. Removal of all solvent from the filtrate gave a red-yellow waxy solid, which was washed with cold hexane (5 ml) to remove unreacted MesPH 2 . The solid obtained after washing was re-dissolved in toluene (10 ml), filtered, reduced in volume to about 1-2 ml, and stored at -28°C for two days. The resulting pale yellow crystals were isolated by filtration, washed with cold hexane, dried in vacuo. The isolated material (0.092 g) was found to be mixture of IMe 4 025 mmol) in toluene (5 ml) at room temperature and the mixture was stirred for 30 minutes. A solution of PhPH 2 (0.7 ml, 10% w/w hexane solution, 0.5 mmol) was added to the reaction mixture, which was stirred at 80°C for two days. The yellow-red solution was evaporated to dryness and the resulting solid was treated with an excess of LiCl as a THF solution. The mixture was again evaporate to dryness, extracted with toluene (10 ml), filtered, reduced in volume to about 2-3 ml, and stored at -28°C overnight. The resulting material was washed with hexane, and IMesPPh was isolated as pale yellow crystals (0.11 g, 46% Preparative-scale catalytic synthesis of IPrPPh (7) using 10 mol % [Fe(N'') 2 ]. A solution of IPr (0.19 g, 0.5 mmol) in toluene (10 ml) was added to a solution of [Fe{N(SiMe 3 ) 2 } 2 ] 2 (0.0019 g, 0.0025 mmol) in toluene (5 ml) at room temperature and the mixture was stirred for 30 minutes. A solution of PhPH 2 (0.7ml of 10% w/w hexane solution, 0.5 mmol) was added to the reaction mixture, which was stirred at 80°C for seven days. The resulting yellow-red solution was filtered, reduced in volume to about 2-3 ml and stored at -28°C overnight. Unreacted IPr (0.055 g) was crystallized from the reaction (characterized by 1 H NMR spectroscopy). The nascent solution was filtered and evaporated to dryness, which gave a yellow waxy solid, which was found to consist of IPrPPh and unreacted PhPH 2 .
NMR-scale catalytic synthesis of IPrPPh (7) (5 ml) at room temperature and the mixture was stirred for 30 minutes. A solution of PhPH 2 (0.7 ml of 10% w/w hexane solution, 0.5 mmol) was added to the reaction mixture, which was stirred at 80°C for seven days. The resulting yellow-red solution was evaporated to dryness and the resulting solid was treated with an excess of LiCl as a THF solution. The solution was again evaporate to dryness, extracted with toluene (10 ml), filtered, reduced in volume to about 2-3 ml and stored -28°C overnight. The resulting yellow crystalline material was washed with cold hexane and dried in vacuo, allowing 8 to be isolated as pale-yellow crystals (0.048 g, 41%). The isolated material was found to be pure by 1 H and 31 P NMR spectroscopy, with the chemical shifts due to 8 being identical to those previously reported. Preparative-scale catalytic synthesis of IMesPMes (3) using 10 mol % 1-Co. A solution of IMes (0.15 g, 0.5 mmol) and [Co(N(SiMe 3 ) 2 ) 2 ] 2 (0.019 g, 0.025 mmol) in toluene (3 ml) was stirred at room temperature for 30 minutes. A solution of MesPH 2 in toluene (0.1 ml, 0.5 mmol) was added to the reaction mixture and heated at 80C for 7 days. The volatiles were removed in vacuo and the remaining solids were washed with hexane (2 ml) to give 3 (0.12g, 51%), which was found to be pure by 025 mmol) in toluene (3 ml) at room temperature and the mixture was stirred for 30 minutes. A solution of MesPH 2 (76 µL, 0.50 mmol) in toluene (1 ml) was added to the reaction mixture, which was stirred at 80°C for seven days. The volatiles were removed and the product extracted with hexane, concentrated, and stored at -28C overnight, which produced yellow crystals. The residual solvent was decanted, the crystals were washed in pentane and then dried in vacuo. IMe 4 PMes was isolated as pale yellow crystals (0.044 g, 32% Preparative-scale catalytic synthesis of IMesPPh (6) using 10 mol % 1-Co. IMes (0.15 g, 0.5 mmol) and [Co(N(SiMe 3 ) 2 ) 2 ] 2 (0.019 g, 0.025 mmol) were charged into an ampoule and dissolved in toluene (3 ml). The reaction mixture was stirred at room temperature for 30 minutes. A solution of PhPH 2 in hexane (0.75 ml, 0.05mmol) was added to the reaction mixture, which was heated at 80C for 2 hours. The volatiles were removed in vacuo and the remaining solids were washed with hexane (2 ml) to give 6 as a bright yellow (0.12 g, 58%). Purity was established by comparison of the 1 H and 31 P NMR spectroscopy to those of the previously reported compound. Preparative-scale catalytic synthesis of IMesPPh (6) using 1 mol % 1-Co. IMes (0.40 g, 1.3 mmol) and [Co(N(SiMe 3 ) 2 ) 2 ] 2 (0.005 g, 0.0065 mmol) were charged into an ampoule and dissolved in toluene (10 ml). The reaction mixture was stirred at room temperature for 30 minutes A solution of PhPH 2 in hexane (1.95 ml, 1.3 mmol) was added to the reaction mixture, which was heated at 80C for 18. The volatiles were removed in vacuo and the remaining solids were washed with hexane (5 ml) to give 6 as a bright yellow solid (0.33 g, 61%). Purity was established by comparison of the 1 H and 31 P NMR spectroscopy to those of the previously reported compound. Preparative-scale catalytic synthesis of IPrPPh (7) X-ray crystallography X-ray diffraction data for 1-Fe, 1-Co, 2-Fe.toluene, 3 and 4 were collected on an Agilent Technologies SuperNova diffractometer with an Eos CCD detector using MoKα radiation. Data for 2-Co.toluene were collected on a Bruker X8 Prospector 3-circle diffractometer with an APEX II CCD detector using CuKα radiation. Data for 7 were collected on an Oxford Diffraction Xcalibur diffractometer with a Sapphire 2 CCD detector. Crystals were covered in an inert oil and selected under a microscope. Structures were solved with SHELXS using direct methods and refined with SHELXL using least-squares minimisation. 7 The structures of 2-Fetoluene and 2-Cotoluene both contain a toluene molecule of solvation disordered over two positions and located on an inversion centre. This molecule was modelled free from special position constraints with 1/2 occupancy. The phenyl ring was modelled as a regular hexagon with the carbon atoms refined using SIMU and DELU restraints. Table S1 . Crystal data and structural refinement for compounds 1-M and 2-Mtoluene. Figure S67 . Molecular structures of 3 (left) and 4 (right) (thermal ellipsoids at 50% probability). Hydrogen atoms are not shown. Unlabelled atoms are carbon.
